Natural rewards, including food, water, sleep and social interactions, are required to sustain life. The neural substrates that regulate the reinforcing effects of these behaviors are also the same neurobiological mechanisms mediating mood, motivation and the rewarding effects of pharmacological stimuli. That the neuropeptide glucagon-like peptide-1 (GLP-1) is under investigation for both the homeostatic and hedonic controls of feeding is not surprising or novel. However, if the neural substrates that underline food reward are shared with other reward-related behaviors generally, then future research should investigate and embrace the likelihood that endogenous and exogenous GLP-1 receptor activation may influence multiple reward-related behaviors. Indeed, studies of the neurobiological mechanisms underlying motivated feeding behavior have informed much of the basic research investigating neural substrates of drug addiction. Here, we review the emerging literature demonstrating a role for the GLP-1 system in modulating maladaptive reward behaviors, including food, drug and alcohol consumption.
Introduction
Given the remarkable number of neuropeptide and neurotransmitter systems that exist in the body to regulate energy balance, it seems initially paradoxical that obesity rates continue to rise worldwide [1] . More broadly stated, the staggering number of overweight/obese individuals in Western cultures argues that humans lack homeostatic energy balance equilibrium in the modern food environment. Many theories have been proposed, discussed, heavily reviewed and cited on this topic [2, 3] . Among the leading theories, Rosenbaum and colleagues [4 ] have put forward the notion that humans evolved not to defend a lean phenotype, but rather to defend adiposity and the surplus of energy storage. Indeed, while the brain initiates autonomic, behavioral, and endocrine responses to the presence of a multitude of energy balance relevant neuropeptide/neurotransmitter signals, the brain also initiates many autonomic, behavioral, and endocrine responses to the absence of these neuropeptide/neurotransmitter signals [5] [6] [7] . Couple this evolutionary view of energy balance regulation with the known reduced levels of physical activity among modern humans [8] , along with today's obesogenic food environment [9 ] and you have the necessary framework to promote for overweight and obesity.
We view the concept of food reward as an evolutionary adaptation that enabled mammalian species to seek out, procure, select and when possible, ingest large quantities of the most highly energy dense foods in an energyrestricted environment. Unfortunately, in the modern obesogenic food environment, the neural circuitry underlying the processing of food reward is now a major contributing factor to the etiology of the chronic hyperphagia that contributes to obesity. To this end, it is our opinion that pharmaceutical targeting of CNS nuclei that modulate food reward represents a viable treatment strategy for not only obesity and eating disorders, but also other maladaptive reward behaviors (e.g. drug/alcohol addiction). This brief opinionated review therefore focuses on the general concept of food reward and how glucagon-like peptide-1 (GLP-1) acts within the brain to affect food reward and other reward-related behaviors not associated with food. Where appropriate, areas for future GLP-1 research needs are also discussed.
Defining the neural mechanisms underlying reward-based feeding versus hunger-based feeding When sated, laboratory animals and humans are less inclined to derive 'reward' from food [10] [11] [12] . When in energy deficit, laboratory animals and humans will display increased motivational behaviors and subjective ratings of food, respectively [10] [11] [12] [13] . It is likely that feeding behavior in sated versus non-sated animals and humans are mediated by a combination of overlapping and distinct homeostatic/reward-based neural substrates. Neuropeptides, along with other feeding-related hormones, affect information processing in nuclei distributed throughout the neuraxis [5] [6] [7] . If different mechanisms underlying reward-based feeding from those that underlie hungerbased feeding, then characterizing the relevant nuclei www.sciencedirect.com
